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PROBLEM TO BE SOLVED: To provide a method for improving heat oxidation film 
characteristics so as to resolve the hysteresis and flat band shift of the C-V characteristics of 
a MOS capacitor which uses a thermal oxidation film formed on an SiC single crystal. 
SOLUTION: After thermally oxidizing SiC. heat treatment is performed in the atmosphere of 
inactive gas such as Ar, He and N2, and in the H2 atmosphere, and hysteresis and flat band 
shift are resolved from the oxide film. The hysteresis 15 resolved by heat treatment in the H2 
atmosphere. The flat band shift is resolved by offsetting the flat band shift in the accumulation 
direction generated in the heat treatment by the inactive gas against the flat band shift in the 
inversion direction generated by the H2 treatment. As for the heat treatment in the inactive gas 
atmosphere and H2 atmosphere, the equivalent effects are obtained regardless of the order. 
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* NOTICES ♦ 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.3McaM6 shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

. [Claim(s)] 

[Claim 1] The method of improving the thermal oxidation film of SiC which reduces the 
hysteresis and flat band shift which are characterized by having the process which anneals by 
- hydrogen in the improvement approach of the thermal oxidation film of a SiC single crystal 
substrate following the process which oxidizes, and the process which anneals with inert gas. 
[Claim 2] The time amount by said inert gas which anneals, and the time amount which anneals 
by hydrogen are a method of improving the thermal oxidation film of SiC which reduces the 
hysteresis according to claim 1 and flat band shift which are characterized by choosing so that 
the shift amount by each of a flat band shift may be compensated. 
[Claim 3] The method of improving the thermal-oxidation film of SiC which reduces the 
hysteresis and the flat band shift which are characterized by to decide on each annealing time 
amount and to perform annealing by inert gas, and annealing by hydrogen to the oxidized SiC 
single crystal substrate so that the change by the side of the accumulation of the flat band shift 
by the annealing time amount in inert gas and the change by the side of the inversion of the flat 
band shift by the annealing time amount in hydrogen may be measured beforehand and they may 
be offset. 



[Translation done.] 
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DETAILED DESCRIPTION 



.[Detailed Description of the Invention] 

[0001] . . 

[Field of the Invention] This invention offers the improvement approach of the thermal oxidation 
film which cancels both a hysteresis when an MOS capacitor (MOS capacitor) estimates from 
the thermal oxidation film produced on this single crystal with the conventional technique, and a 
flat band shift in the SiC single crystal used as a semiconductor device for environments-proof 
used under the power semiconductor device treating high tension and a high current, or an 
elevated temperature and a radiation environment. 
[0002] 

[Description of the Prior Art] A SiC semi-conductor is used as a charge for environments-proof 
of semiconductor device lumber used under the power semiconductor device treating high 
tension and a high current, or an elevated temperature and a radiation environment. SiC Si — 
the same — the inside of an oxidizing atmosphere. 02 [ for example, ]. or the thing to process in 
humidification oxygen (wet 02) — a front face — Si02 from — it is the point which forms the 
autooxidation film which changes, and other compound semiconductors including GaAs and the 
difference which it was at the time are shown. 

[0003] About thermal oxidation of SiC old — "R.F.Adamsky and others — reference [~ 
Oxidation of Silicon Carbide in the Temperature Range 1200 deg.C to 1500 deg.C J. 
Phys.Chem.vol 63. 1959] Technical disclosure is set and carried out. In recent years, Kano and 
others the thermal oxidation film formation approach by humidification oxygen in the 10th time 
organic thin film seminar (H6.12.9) of Japan Society for the Promotion of Science E.Stein von 
Kamienski and others [ moreover. ] Reference ["Effects of Ar andH2 annealing on the electrical 
properties of oxides on 6H SiC";Materials Science and Enngineering B29 (1995) 131-133] After 
[ Ar ] thermal oxidation or Ar+H2 by humidification oxygen According to an ambient atmosphere 
Technical disclosure of the approach of heat-treating is carried out. 

[0004] however, Kano and others and EStein von Kamienski ** — when a flat band shift, a 
hysteresis, or its both have still appeared also by technique when the C-V measurement by the 
MOS capacitor estimates the property of an oxide film, for example. MOSFET is produced, the 
shift of the operating point of a transistor occurs and MOS mold component utilization is made 
difficult. 
[0005] 

[Problem(s) to be Solved by the Invention] Although an MOS mold component is producible by 
using the oxide film on SiC. it is required that there is no charge in the film in an oxide film and 
that there is not an oxide film / SiC interface state density. However, with the conventional 
technique, it cannot reply to the above-mentioned request, the technical problem which this 
invention tends to solve offers the approach of canceling a hysteresis and a flat band shift from 
this oxide film, and improving the thermal oxidation film — it comes out, and it is and becomes 
utilizable [ the MOS mold component made from SiC ] by this invention. 
[0006] 

[Means for Solving the Problem] Above-mentioned The means for solving a technical problem is 
based on the method of improving the thermal oxidation film of SiC which reduces the hysteresis 
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and flat band shift which are cnaracterized by having the process which anneals by hydrogen, 
and the process which anneals with inert gas following the process which oxidizes in the 
improvement approach of the thermal oxidation film of a SiC single crystal substrate. 
[0007] Moreover, the technical-problem solution means of this invention depends the time 
amount by said inert gas which carries out annealing (heat treatment), and the time amount 
which anneals by hydrogen on the method of improving the thermal oxidation film of SiC which 
reduces said hysteresis and flat band shift which are characterized by choosing so that the shift 
amount by each of a flat band shift may be compensated. 

[0008] Furthermore, the technical-problem solution means of this invention receives the oxidized 
SiC single crystal substrate. The change by the side of the accumulation (accumulation: are 
recording) of a flat band shift according to the annealing time amount in inert gas beforehand. So 
that the change by the side of the inversion (inversion; reversal) of the flat band shift by the 
arThealing time amount in hydrogen may be measured and they may be offset It decides on each 

'annealing time amount, and is based on the method of improving the thermal oxidation film of SiC 
which reduces the hysteresis and flat band shift which are characterized by performing annealing 

,by inert gas, and annealing by hydrogen. 

[0009] Below, The means for solving a technical problem of this invention is explained in detail. 
[0010] It is after thermal oxidation, and Ar. helium and N2 in oxygen or humidiflcation oxygen. 
Including, inert gas and H2 Heat treatment to depend is performed one by one. As conditions for 
thermal oxidation by oxygen, 1000-1200 degrees C of temperature are 1050-1150 degrees C 
most preferably. Moreover, in thermal oxidation by humidiflcation oxygen, about temperature 
conditions, it is the same as that of thermal oxidation by oxygen, and when the amount of 
humidiflcation is expressed with a dew-point, it is 90 degrees C most preferably 85-95 degrees 
C. Heat treatment is faced and it is inert gas and H2. The effectiveness brought about whichever 
it processes previously is the same, the effectiveness that heat treatment by inert gas shifts a 
flat band in the direction of accumulation — having — on the other hand — H2 since it has the 
effectiveness of shifting a flat band in the direction of an inversion — inactive Guth — 
subsequently — H2 or H2 The thermal oxidation film without a flat band shift can be formed by 
subsequently performing heat treatment by inert gas one by one. Moreover, the operation which 
makes a hysteresis there be nothing although heat treatment by inert gas has effectiveness in 
hysteresis reduction is H2 to what is not. Since heat treatment to depend has the operation 
which makes a hysteresis there be nothing, a hysteresis dissolution is H2. It carries out by inside 
heat treatment. 1000-1200 degrees C of heat treatment temperature by inert gas are most 
preferably performed at 1 150 degrees C. Moreover. 900-1 100 degrees C of heat treatment 
temperature by H2 are most preferably performed at 1000 degrees C. A heat treatment ambient 
atmosphere, the direction of the flat band shift in C-V measurement, and the condition of a 
hysteresis are shown in drawing 1 and 2. 

[001 1] drawing^^l — n mold 6 H-SiC. Si side, and carrier concentration:3x1017/cm3 a sample — 
temperature: — the C-V measurement result after performing heat treatment (1 150 degrees C. 
3 hours) by Ar is shown in the oxide flim of 50nm of thickness which oxidized thermally for 3 
hours and was formed using the humidiflcation oxygen which has 1 1 50 degrees C and a steam 
partial pressure of 90 degrees C of dew-points, and the flat band shift by the side of 
accumulation and some hysteresis are seen. In addition, the dotted line in this drawing shows the 
ideal C-V property which assumed to be carrier concentration:3xl01 7-/cm3 and oxide-film 
thickness:50nm. and was searched for in simulation. Drawing 2 processes the same sample as 
on the same thermal oxidation conditions, and is H2. The C-V measurement result after 
performing heat treatment (1000 degrees C, 1 hour) to depend is shown, and the hysteresis is 
extinguished while a flat band shifts to the case of Ar. and reverse to an inversion side. In 
addition, the dotted line in this drawing shows the ideal C-V property which assumed to be 
carrier concentration:3x1017-/cm3 and oxide-film thickness:50nm. and was searched for in 
simulation. 
[0012] 

[Embodiment of the Invention] An example of the equipment configuration for carrying out this 
invention to drawin g 4 is shown. The configuration shown in dra wing 4 is a thing when performing 
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thermal oxidation by humidification oxygen, when based on desiccation oxygen, removes the 
bubbler for humidification (sign 1) and pure water (sign 2) in drawing 4 . and should just supply 
direct drying oxygen to a humidification oxygen (wet 02) feed pipe. In addition, drawing 4 shows 
the configuration in the case of using Ar as inert gas. Although work habits are explained later 
on. using drawing 4 for the process in connection with this invention, it is Ar and H2 first. The 
decision approach of heat treatment time amount is described. 

[0013] The thermal oxidation conditions of SiC. Ar heat treatment temperature, and H2 Heat 
treatment temperature, Ar heat treatment time amount, and H2 Fixed relation between heat 
treatment time amount and the shift amount of a flat band is. It hits carrying out this invention 
and is thermal oxidation conditions, Ar heat treatment temperature, and H2. Heat treatment 
temperature is decided beforehand and it is Ar heat treatment and H2. The proofreading 
experiment which asks for the relation between heat treatment time amount and a flat band shift 
amount is required. However, if the relation between heat treatment time amount and a flat band 
'shift amount is known, it will once be thermal oxidation conditions, Ar heat treatment, and H2. Ar 
and H2 which deduct a flat band shift based on a proofreading experimental result, and are made 
-into zero unless heat treatment temperature is changed It can decide on heat treatment time 
amount uniquely respectively, and a flat band shift can be made into zero by heat-treating this 
processing time. 

[0014] Ar heat treatment and H2 An example as a result of the proofreading experiment which 
asks for the relation between heat treatment time amount and a flat band shift amount is shown. 
The proofreading experiment about Ar heat treatment is first described among these 
proofreading experiments. The sample and processing conditions which were used are as follows. 
The sample used Si side of n mold 6 H-SiC. The carrier concentration of this sample is 3x1017- 
/cm3. First, although oxidized thermally, in the example of this proofreading experiment, it 
oxidizes with humidification oxygen, the condition — temperature: — it is 1 1 50-degree-C. 
oxidizing atmosphere:humidification oxygen (steam partial pressure is equivalent for 90 degrees 
C of dew-points), and thermal oxidation time amounts hours. Subsequently, it heat-treats in Ar 
ambient atmosphere, conditions — temperature: — it was 1 1 50 degrees C and an Ar 
pressure:atmospheric pressure, and the processing time in the basis Ar of this condition was 
changed, and the processing time and a flat band shift amount were measured. A result is shown 
in drawing 3 . 

[0015] Moreover, H2 The sample and processing conditions which were used about the 
proofreading experiment about heat treatment are as follows, the proofreading experiment of the 
above-mentioned [ a sample ] — the same — Si side of n mold 6 H-SiC — it is — carrier 
concentration — 3x1017-/cm3 it is . Thermal oxidation conditions are the same as that of the 
above-mentioned, and are temperature:1 1 50 degree-C, thermal oxidation ambient 
atmosphere:humidification oxygen (steam partial pressure is equivalent for 90 degrees C of dew- 
points), and thermal oxidation time amount:3 hours. Subsequently, H2 It heat-treats in an 
ambient atmosphere, conditions — temperature: — 1 000 degrees C and H2 pressure: — an 
atmospheric pressure — it is — basis H2 of this condition The inside processing time was 
changed and the processing time and a flat band shift amount were measured. A result is shown 
in drawing 3 . In addition, it is an oxidizing atmosphere H2 It is H2, once in permuting by the 
ambient atmosphere it performs an ambient atmosphere permutation after lowering coke oven 
temperature enough so that a chemical reaction may not occur or carries out evacuation of the 
reaction within the pipe one after oxidation termination, even if both ambient atmospheres are 
mixed. It cannot be overemphasized that caution of introducing an ambient atmosphere and 
preventing mixing of both ambient atmospheres is the need. 

[0016] Above-mentioned thermal oxidation conditions, heat treatment-among Ar ambient 
atmosphere conditions, and H2 As long as a sample is processed on heat treatment-among 
ambient atmosphere conditions, a flat band shift amount can be uniquely calculated from the 
processing time by drawing 3 . 

[0017] The process in connection with this invention is itemized like following 1.-3. 

[0018] 1. In drawing 4 , open a bulb 1 (sign 10) in the state of close, oxidize thermally a bulb 2 

(sign 11) and a bulb 3 (sign 12) in humidiflcation oxygen, and it is the thermal oxidation film Si02 
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to a SiC front face. It forms. .. . , . . a _r 

[0019] 2 A bulb 2 (sign 1 1) is opened instead of closing for a bulb 1 (sign 10). charge Ar. perform 
heat treatment among Ar ambient atmosphere, and decrease a hysteresis. At this time, a flat 
band is shifted in the direction of accumulation. ^ ..o ,x u 

[0020] 3 Open a bulb 3 (sign 12) instead of closing for a bulb 2 (sign 11). and it is H2. It charges 
and is H2 While performing heat treatment among an ambient atmosphere and extinguishing a 
hysteresis it heat-treats according to the processing time determined that it will negate the 
shift amount of the flat band by above-mentioned process 2. based on the proofreading 
experiment, a flat band is shifted in the direction of an inversion, and a flat band shift is made 

[0021] In addition, Ar and H2 About heat treatment, i.e.. above-mentioned process 2., and 3. in 
an^ambient atmosphere, the sequence brings about the effectiveness that which is equivalent 
gAso as for the point. 
[0022] 

[Example] Hereafter, an example explains this invention concretely. In this example. Ar was used 
as inert gas. It sets in the example and is thermal oxidation conditions. Ar heat treatment 
temperature, and H2. It supposes that it Is the same as that of the above-mentioned 
proofreading experiment about heat treatment temperature, and is Ar and H2 based on drawing 
5 It decided on heat treatment time amount. Although drawing 5 is the same as that of above 
mentioned drawing 3 . in order to give explanation of an example intelligible, while rewriting using 
the absolute value of a flat band shift amount in the notation of a flat band shift, the auxiliary 
conductor for making heat treatment time amount easy to find etc. is written in addition. The 
auxiliary conductor of drawing 5 is Ar and H2. It is for deciding on the heat treatment time 
amount which brings about the flat band shift of **2V by heat treatment, and is Ar and H2 from 
this drawing. Heat treatment time amount is found with 3 hours and 9 minutes, 2 hours, and 15 

minutes, respectively. u j u i a 

[0023] The sample used for the example and each processing conditions are described below. A 
sample is n mold 6 H-SiC. Si side, and carrier concentration. 3x1017-/cm3 It used and oxidized 
thermally on condition that the following first. In temperature, this oxidizing atmosphere has a 
steam partial pressure of 90 degrees C of dew-points, using humidificatlon oxygen as 1 1 50 
degrees C and a thermal oxidation ambient atmosphere. Oxidation time amount was 3 hours. The 
oxide film of 50nm of thickness was formed on Si side of SiC by this thermal oxidation. The C-V 
property which produced and measured the MOS capacitor only by thermal oxidation to drawing 
6 is shown The gate electrode surface product of an MOS capacitor is 4.9x10 to 4 cm2. A test 
frequency is 1MHz. Very greatly, the flat band shift shows the big hysteresis and, the way things 
stand, cannot apply this oxide film to an MOS mold component. 

[0024] Subsequently. temperature:1150 degree C. Ar pressure: h heat-treated in Ar ambient 
atmosphere on atmospheric pressure and the conditions for processing-time 3 hours and 9 
minutes. The G-V property of the MOS capacitor which carried out stop production of the 
processing even by heat treatment among Ar ambient atmosphere is shown in dfawinfiLl • the 
dotted line in this drawing ~ carrier concentration: ~ the ideal C-V property which assumed to 
be 3x1017-/cm3 and oxide-film thickness:50nm. and was searched for in simulation is shown. A 
flat band shift and a hysteresis decrease and the flat band shift amount is decreasing to the 
value determined based on the proofreading experiment. 2V [ i.e., ]. However, though a hysteresis 
is small, since it exists, if it is MOSFET. the shift of operating voltage, ON of a transistor, and 
the shift of OFF state voltage occur, and it is not suitable as a practical use component. 
[0025] Furthermore. H2 of last [ sample / this ] Heat treatment among an ambient atmosphere 
was performed, processing conditions ~ temperature: ~ 1000 degrees C and H2 pressure: ~ 
they are atmospheric pressure and processing-time 2 hours and 15 minutes. H2 of last [ dravymig 
8 ] The C-V property of the MOS capacitor produced about the sample which performed heat 
treatment among an ambient atmosphere is shown, the dotted line in this drawing ~ carrier 
concentration: — the ideal C-V property which assumed to be 3x1017-/cm3 and oxide-film 
thickness:50nm. and was searched for in simulation is shown. A flat band shift also has OV and 
no hysteresis. It turns out that this MOS capacitor shows the ideal C-V property, there is no 
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charge in the film in an oxide film, and there is not an oxide film / SiC interface state density. 
[0026] It is the inert gas ambient atmosphere as stated above, after this invention oxidizes SiC 
thermally in oxygen or humidificatlon oxygen, and H2. By heat-treating in an ambient atmosphere, 
a hysteresis and a flat band shift are canceled from this oxide film, and the approach of 
improving the thermal oxidation film on SiC is offered. 
[0027] 

[Effect of the Invention] Formation of a high definition oxide film without hysteresis-less - flat 
band shift on SiC is attained by this invention, and it becomes producible [ a practical use MOS 
mold component ]. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



-[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the C-V property of the MOS capacitor at the time of heat- 
treating SiC in an after [ thermal oxidation ] Ar ambient atmosphere. 

TDrawing 2] After [ H2 ] thermal oxidation of SiC It is drawing showing the C-V property of the 
MOS capacitor at the time of heat-treating in an ambient atmosphere. 
[ D rawi n g 3] After [ Ar and H2 ] thermal oxidation of SiC It is drawing showing the relation 
between the heat treatment time amount at the time of heat-treating in an ambient atmosphere, 
and the shift amount of a flat band. 

[Drawing 4] It is drawing having shown typically an example of an equipment configuration which 
carries out this invention, 

[Drawing 5] Although it is the same as that of drawing 3 . in order to give explanation of an 
example intelligible, while rewriting using the absolute value of a flat band shift amount in the 
notation of a shift of a flat band, it is drawing which wrote the auxiliary conductor for making 
heat treatment time amount easy to find etc. in addition. 

[ Drawing 6 ] It is drawing showing the C-V property of the MOS capacitor at the time of carrying 
out thermal oxidation processing of the SiC. 

[Drawing 7] It is drawing showing the C-V property of the MOS capacitor at the time of heat- 
treating SiC in an after [ thermal oxidation ] Ar ambient atmosphere. 

[Drawing 8] SiC is heat-treated in an after [ thermal oxidation ] Ar ambient atmosphere, and it is 
H2 further. It is drawing showing the C-V property of the MOS capacitor at the time of heat- 
treating in an ambient atmosphere. 
[Description of Notations] 

1 — Bubbler for humidification. 

2 — Pure water. 

3 — Heater for heating. 

4 — SiC wafer. 

5 — Wafer susceptor. 

6 — Humidification oxygen feed pipe. 

7 — Ar feed pipe, 

8 — H2 Feed pipe, 

9 — Coil. 

10 ~ Bulb 1. 

1 1 — Bulb 2. 

12 ~ Bulb 3. 



[Translation done.] 
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h^tesa-r^s i cosft^^b^oa^jiicc^^o 
[0 0 0 9] lUTd. ^feB^ops^is^^-r-sfcibo^ 

[0.0 1 o] mm-^tzitmmMm^x^mit^. a r . 

He. N2 ^(*i:i6<t-r^T?t14**XfcJ:l/H2 i::<^^ 
Sftfli^^ili^^tT^o Kmic<*:^SftK<b0^fe<*<l:LTIi. 
SSlil 0 0 0-1 200**C. «ti»*L<l*1 050 
--1 1 5 0'*CT*fe«)o ^tc, *DMK^I^c*:'&J»K<b(Dii 

iggSk«^lcoi>TI*KmiwJ:^8feKibi:l5]-T*fc 
y. *DilS(*S^r-af <t 8 5-9 5*^. «ti»*L< 
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l*9 0"CT'&^o Sft^^ftSlcBSLTI*. ^F^Stt^^Xfecfci; 
H2 (D^ib^^^^lZii^mLXijijfzi^^tl^ih^itmC 

H2 h/<> K^-O/^— va >*fRii-v:? 

(iH2 ^C^T*^a14*•xlz<fc«^f!ft«^lii^lli;:fe^T5 c^tic 

C<f5c ^5Stt#x(cJ:^f!fti!&S;:SSf*i OOO-I 2 
oo^c. Stiff^L<i*i 1 5b°c-r?tT5o ^fz. H2 

(Cci:^f!^ftiS;^Jg(*9 0 0-- 1 1 O 0°C. «*i»*L< 
lil 0 0 0°CT'tT^o Eil . 2(csi&iiaiififflm<t c-v 

[OOlllElli. nM6H-SiC. Si®. 
UT;lJt : 3 X 1 0l7/cm3 (DK*4*jaje : 1 1 50 

A r |C<i:-5)Sft«l^ (1 15 0°C. 3 8$^) ^ff-otz^O 

tt^&o ^fte. I^EI*a)j^llSl^^A'UT;BS : 3 X 1 ol7 
/cm3 . K^blRIS: 5 O n mi:(R3E L a. U— a 

iz&<5:l^-a)K*4^I^I-a)f»K^blfefrT*ft!rSL. H2 iCcfc 
^SftftlS (1 00 0*^0. 1B»ra) *frot::«(DC-Vjii) 

LTl^'&o l^lE*CDiiai9l*^-vUT;«je : 3 x i 

OlVcm3 . K^bKB : 5 O n m <h(S^ L v S ^ U— 

i/a >T*«^^)fcSS«)^j:c-V^^#t±^^Lrl^-&o 

[0 0 1 21 

4*(DJlDSffl/^:^^ (»#1) fccl:l/«7K * 
UU^L^JDMK^ (wet 02 ) *&Sie^(cafg$S;jiK^$- 
«l^-rtLlScfcl>o /d:*5. El4li:r^11:^*X<t LT A r 

04*ffli^oof^«^iii*iioTBiBj-r*A<. ^-riii: 

[0 0 13] Si COX^^'fb^f^'. A rmmrSi&t^^ 
XSHl gftffi^SS. A rSftfllS^Mfc<*:l/H2 SftSfiS^ 



A r sft«iafc«fci;H2 Sftffl^as^^^^fi^iay. 

^-tzPlCt"'5)ct5^f A r iS.i:Lf^H2 C7)^^SB#^1^*>!? 

[0 0 14] A r gft^Sfcc*:t/H2 gft^ft^^PsI i: 3^ ^ 

Tffi<7)ayCfc*c K**linM6H-S i C(DS i ®* 
ffll^fco *K5S(^*-VUr;'ajSl*3 X 1 0l7/cm3ie 
fc'&o *-r. Sftffi^bSffd;!)^ **$jESgK<D«i]-CliilDS 
KmT*K^b*^T3o ^C7>lfe«^l*^S : 1 1 5 0°C. mt 
||fflft:AD;1K^ (7K^a^I±liS/§9 0°C|i^) . gft 
KlbKK: 3Btrat?fc-&c 5teL^T. A rUHfttfi-egftftl 
S^frOo ^^lii^S : 1 1 5 O^'C. A r E:^ : :^^i± 

-To 

[0 0 1 5] ^iz. H2 l»«iSlC|8•r*«iESI^I^ICOl^ 

K**l*ffl5E(DttjEllSI^|5li:< nS6H-S I C<7)S I 
®T*. ^-vU7';liitli3 X 1 0l7/cm3 r-fc^o t»K 

<bs^<+tiffixEihiBi«r'ias : 1 1 so'^c. mmtnm 

$l:AaMK« (7KSSm^El^S^9 0<*cffi^) . fmAt 

ff^o ^fel+IiSlS : 1 O O O'C. H2 E:^ : ^SET:. 

c(7)ifeff^a>*^H2 Efffis^ra^SxT. «is^ra^:7 

K^bllffla*H2 l?BimirM}|fe'r^ic^f-y. fas 
#ffl^3!)<?l^ L-C t^b^JStE:;5<fiC ^>^fU>,^ o 

^-B.J5i«:l^l^^SSS^S.Lr)5)>^H2 HSm^^AL 
[0 0 16] JiaiCOSfiK^b^fr, A r||fflSv*Sft«&^* 

I*. El3icj;yffliSB#ra/)^t>:7^*:/ h/'C>K^:7 hfi* 
[0 0 1 7] 2f;^B^(::ia*:)-SXS(*TfSa) 1 . -3. (D 
[O O 1 8] 1 . H4lCfcLNr/^;U-?2 (ft-i-1 1 ) fc 

cl:i;/<;u:?3 (»-^i2) ^F^cDttfilr'/<;u:f 1 (??-^ 

1 o) $B8ltT^}D^aKm4>T*8feK^b^^Tt^, s i cmm 
icsftM^bffis 1 02 sj^ia-rso 




[0 0 19] 2. /<)vy^ m^-io) ^mcmt>^)\^ 

/<;u^2 m^^^) ^ggitr a r ^f&SL a r 
10 0 2 01 3. /<;u:^2 i) ^KCg+^Uir 

[O O 2 1 ] UtS. A r teckl/H2 HH^ft^osft^as. 
[O 02 21 

immmi jut. iijfi«iii::^y*«B^*si*»i3K^-r 
iricA rfe,fco:H2 a>mmm^m(D^^^^nr>tzo us 

icj:y±2 voj-^^^v h/OKv:7 h*4,y=»b-rf»«as 

(DfS^«ft3@B#ra(*^tl^'tl3B#ra9 5J^. 2a$rai5^J'it« 

[00231 ||JfiffyiZffllxfcK«fe<*:l/*«&S*<**i5A 
TlCfS-Tc IS*4li n^6H-S i C. S \m. ^A-UT 
SS 3x 1 OlVcm3 ^-r. \>J.T<D^i^V 

XittuMmm^miK *K^bllffl$ll*S^9 0^Cffl^(D 
7K^m^E*t#-Po K^bB#rai*3B#raT'fcofcc *8ftK 
^blCc*:yS i C<DS i ®±|Z|BI15 O nnn<DK<blB*f^ 
jjcLfco El6lcS»K<bCD^T'MOS^^/^v4»— ^f^SSi 
L;li|^LfrC-V!f#ti^5}^-ro MOS^A'/^>^-<^^ 
— h®fil®SI*4. 9X1 0-4cm2 T*;1«jS^>fitSai* 1 

*K^bK ^ M o s :i® ffl # I ^ 

[00241 ;jRl^•e. as : 1 1 5 0**C. A r H:^ : :^ 
«!.S^ra3^H9«'<7)^<*-CA r flHm*T*S6«!r 

ia*<D^«l*^A'U'7fflie : 3 X 1 0lVcm3 . S^b 
SIB: 5 0 nm<h{5SLvaiLU-~V3>T'*iftifcSS 
fi<j^d:C-V*$14^^LTl^^o 3^^*^ h/^> Kv:? h*> 
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J;t/tX^'J y=yy hM*> Kv:7 hMI* 

«jElllilcS-:5l>T*^Lyc(il. fin%2 VI:I3^'>L•rl^ 

OS FET-efctll*S)^^®Ea>v:7 h7>vX'$»CD 

[0 0 2 51 Mir. *H*4i::««lOH2 flHa*^«ia 

^trofco ftlrS^«^(*;aS : 1 O O 0"C. H2 : :^ 

T;1S : 3 X 1 0lVcm3 . K^bK® : 5 O nm^ffi 

LTi^^o :7^*v h/O Kv:7 hi*o V. tx^'jvx 

[0 0 2 61 ia±Ti^-<fcc):3[3. S i 

fi*$cfct/H2 s?Ha«fr-fsi«iasff5ctiCcfcyi5iKib 

^;bN^ t:^i^'J vx. T?^*^' h/O Kv:7 h^»;iL. 
[O O 2 71 

L • h/^>Kv:7 h^L<D;saiiK^bflI(7)ff^fi^*< 

[si®<D^m<?itt0Ji 

[El 11 Si c^mmt^A rnm^^x^^mLtz 

ii^ a> M o s ^ ^ / < ^1 — <D c - V ^^-r El -c & 

[El 2] Si c^Sft^ib^H2 Sffl^^^r'SfiSttaiL/c 
ii ^ (7> M o s ^ -V / ^ V ^ — 0) c - V 14 * -r El -e fc 
-60 

[El 3 1 Si C^Sft^^b^A r ^Dc^t/H2 HS^^-e 

MO) B8fi6 * ^-r S T- fc ^ o 

[El 41 :*:fgB^*SIJfi-r ^iSfi«lSC0-ff!l*«aMlc 
[El 51 Bl3i:(5]-r*fc43«)<. IIJfi«<7>lttB^*«'A^y 

KLfrEl-e&^o 

[E161 s i c^mmit^mLtzm^ohAos^^'^^ 
v^i— a>c-v*#tt*3F-rEiT*fc*o 

[EI71 8 i C^^MimA r|?ffla*r'8»ffliaLfc 
ii ^ <D M O S + A- / ^ V ^ — 0) C - V i» ft $ ^ -r El r- 

[El 81 Si C^?SftK^b*A r ||fflft*-T?Sft«iaL. 
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7- -A r jS&ag. 
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